Abstract Comparative studies between brown dog tick Rhipicephalus sanguineus populations from Brazil (Jaboticabal, São Paulo) and Argentina (Rafaela, Santa Fé) showed significant biological, morphological and genetic differences between them. This work aimed to study, in a comparative way, the acquisition of resistance in domestic dogs to R. sanguineus from Jaboticabal and Rafaela, after successive and controlled infestations. Ticks were kept in a BOD incubator under controlled conditions (27°C, 80 % relative humidity, 12-h photoperiod). Ten dogs, Dachshund breed, males and females, 6 months old, short-or long-haired, without prior contact with ticks, were used as hosts. They were distributed into two experimental groups composed of five animals each: G1 infested with ten adult couples of R. sanguineus (Jaboticabal) per animal, and G2 infested with ten adult couples of R. sanguineus (Rafaela) per animal. Ticks' biological parameters and titration of antibodies from the dogs' sera by ELISA test were used for comparison between the strains. Results of the biological parameters showed that the dogs did not acquire immunity to either of the R. sanguineus strains after repeated infestations. The ELISA test showed low antibody titers in sera of dogs from G2, in successive infestations, and higher antibody responses post second and third infestations in G1. It also demonstrated cross-reactivity between sera of dogs infested with R. sanguineus (Jaboticabal) and antigens from R. sanguineus (Rafaela) and vice versa. We conclude that Dachshund dogs did not develop resistance against neither Jaboticabal nor Rafaela strains of R. sanguineus.
Introduction
The genus Rhipicephalus includes 84 tick species so far, most originating from the Afrotropical region (Guglielmone et al. 2010; Horak et al. 2013) . Guglielmone et al. (2014) stated that R. sanguineus is Palearctic (as described by Latreille 1806) and that all other records of these ticks are considered speculative. Furthermore, from current knowledge of the species, it is impossible to determine their ecoregions (Guglielmone et al. 2014) . From the epidemiological point of view, R. sanguineus has a high competence as a vector of pathogens of diseases such as babesiosis and ehrlichiosis in dogs and spotted and boutonneuse fevers in man (Walker et al. 2000; Parola et al. 2005; Otranto et al. 2009; Labruna et al. 2011) .
Comparative studies between R. sanguineus populations from Brazil (Jaboticabal, State of São Paulo) and Argentina (Rafaela, Province of Santa Fé) showed marked biological, morphological and genetic differences between the strains. The ticks from Brazil seemed phylogenetically closer to R. turanicus from South Africa, while those from Argentina were more related to R. sanguineus from Europe Oliveira et al. 2005) . Moraes-Filho et al. (2011) , Nava et al. (2012) and Sanches (2013) concluded that the taxonomy previously recognized as R. sanguineus is represented in the Neotropical Region by two genetically different lineages: one distributed in tropical and subtropical areas (comprising the strain from Jaboticabal, Brazil), and another restricted to temperate localities (comprising the strain from Rafaela, Argentina).
In a broader context, ticks from these two lineages of R. sanguineus may show differences in their vectorial competence for pathogens (Aguiar et al. 2007; Venzal et al. 2007) , variations in susceptibility to acaricides and differences in the development of dog resistance to them. Thus, while some authors observed that dogs are unable to acquire resistance to R. sanguineus even after several infestations (Theis and Budwiser 1974; Bechara et al. 1994; Szabó et al. 1995; Szabó and Bechara 1999) , others detected some degree of resistance following reinfestation (Inokuma et al. 1997; Jittapalapong et al. 2000) .
The present work aimed to study, in a comparative way, the acquisition of resistance in domestic dogs to R. sanguineus from Brazil (Jaboticabal) and Argentina (Rafaela), after successive and controlled infestations, providing information that could explain, at least partially, the above reported differences in the development of dog resistance to R. sanguineus.
Materials and methods

Ticks
The adults of R. sanguineus from Brazil (Jaboticabal) and Argentina (Rafaela) used in this study were obtained from colonies maintained at the Immunopathology Laboratory, Department of Veterinary Pathology, Faculty of Agronomic and Veterinary Sciences-FCAV, São Paulo State University-UNESP, Campus of Jaboticabal, Brazil. The R. sanguineus colony from Brazil was established from engorged females detached from healthy dogs in Jaboticabal, SP, Brazil and has been maintained for over 10 years, being periodically renewed with the inclusion of local tick samples. The tick specimens of R. sanguineus from Argentina were kindly supplied by Dr. Santiago Nava, Instituto Nacional de Tecnología Agropecuaria-INTA, Rafaela, Santa-Fé, Argentina from a tick colony maintained since 2005. For a continuous tick supply, tick instars from each colony were periodically fed, separately, on 5-8 months-old New Zealand white rabbits. For the metamorphosis of engorged instars, as well as their maintenance, the ticks were kept in a BOD incubator (EL222 model, ELETROLAB) under controlled conditions (27°C, 80 % relative humidity, and 12-h photoperiod).
Hosts
Six males and four females, 6 months old, short-or long-haired Dachshund dogs (Canis lupus familiaris) without prior contact with ticks (''naive''), were used as hosts. Dogs were purchased from private breeders and kept in individual boxes where they received food (Royal Canin Ò ) and water ad libitum. All experimental procedures were performed in accordance with the Ethical Principles in Animal Experimentation adopted by the Brazilian College of Animal Experiment (COBEA) and approved by the Ethics Committee on Animal Use (CEUA) FCAV-UNESP, Jaboticabal (Protocol No. 02.326/10).
Comparison of biological and reproductive parameters of Rhipicephalus sanguineus from Brazil and Argentina after successive infestations
The dogs were randomly distributed into two experimental groups, each composed of five animals; the first group (G1) was infested three times, with intervals of 30 days between them, with ten adult males and ten adult females of R. sanguineus from Brazil (Jaboticabal) per animal, and the second (G2), infested using the same procedure, with ten adult males and ten adult females of R. sanguineus from Argentina (Rafaela) per animal as described elsewhere (Szabó et al. 1995, Szabó and Bechara 1999; Inokuma et al. 1997; Adejinmi and Akinboade 2007) . The infestations and reinfestations were conducted concurrently in both groups, using all animals of each group. During the infestations, the ticks were confined in specially designed feeding chambers (Bechara et al. 1994 ) that were fixed with synthetic glue (Brascoplast TM ) to each animal's previously shaved back, 24 h before each infestation. These chambers were examined daily and as the engorged females detached from their hosts they were collected, weighed separately, placed in individual plastic containers and kept under constant temperature and relative humidity in a BOD incubator, as above described. The following biological parameters were used for the strains' comparison: engorged females recovery rate (EFRR), engorged female weight (EFW), egg mass weight (EMW), engorgement period (EP), pre-oviposition period (POP) and larval hatchability (LH). The mean values for EMW, POP and LH were calculated for G1 and G2 considering only the engorged females who did not die before laying eggs. EMW was determined 15 days after tick detachment as there was no significant increase in this parameter after this period (Bechara et al. 1994) . The EP was considered from the date of the release of the ticks onto the host until their detachment at partial or full engorgement. The POP was the time that elapsed from the detachment of the female tick until the beginning of oviposition.
Tick extract
For the adult tick antigen preparation, unfed R. sanguineus extracts from Brazil (Jaboticabal) and Argentina (Rafaela) were separately prepared to obtain their respective antigens. Exp Appl Acarol (2015) 67:135-146 137 As described elsewhere (Bechara et al. 1994 ) with minor modifications, ticks were immersed in liquid nitrogen and then sectioned laterally to dispose of their chitin and withdrawal of internal organs, which were then crushed in chilled sterile phosphate buffered saline (PBS), pH 7.2, and kept in a crushed ice bed. The resulting suspensions of approximately 10 % (live weight) were then disintegrated at 20 MHZ in three cycles of 10 s each and one cycle of 30 s, in an ultrasonic unit (Branson Sonifer 250). The extracts were then centrifuged at 12,000g for 1 h at 4°C, the resulting pellets were discarded, and the supernatant was filtered through 0.22 mm porosity Millex-GV filters (Millipore). The protein concentration present in the extracts was determined according to the BCA assay method (Smith et al. 1985) , and the extracts were stored at -20°C until use. The resulting protein concentration was 173.75 and 141.25 lL/mL for the Argentinian (Rafaela) and Brazilian (Jaboticabal) strains, respectively.
Blood collection
As described elsewhere (Perez-Perez et al. 2010) , blood for serologic analysis was collected by cephalic venal puncture and kept in vials without anticoagulant during 3 h at room temperature. The serum was then collected and frozen at -20°C until used for the ELISA test.
Indirect immunoenzymatic test (ELISA)
ELISA was conducted according to the methodology described elsewhere (Perez-Perez et al. 2010) with minor modifications. Briefly, 100 lL of R. sanguineus from Brazilian (G1) or Argentinian (G2) strain's total antigen, previously prepared and diluted in the concentration of 10 lg/mL in 0.1 M carbonate-bicarbonate buffer, pH 9.6, were dispensed into each well of a 96-well plate (Poly Sorp, NunclonTM Surface, Nunc, Denmark) and incubated for 10 h in a humid chamber at 4°C. The wells were washed three times with phosphate-buffered saline (PBS) with 0.1 % Tween-20 (PBST) and blocked with 5 % rabbit serum in PBST for 1 h and 30 min at 37°C. After washing with PBST, 100 lL of sera to be tested (diluted 1:50 in PBST containing 5 % rabbit serum) were added, followed by 2 h incubation at 37°C. After washing as described previously, 100 lL of a conjugated anti-dog IgG antibody at a dilution 1:4000 (Sigma, USA) was added to each well. After 1 h and 30 min incubation and washing, 100 lL of substrate for alkaline phosphatase, P-nitrophenyl phosphate (Sigma, USA, N-9389), was added to each well. The substrate was diluted to 1 lg/mL in diethanolamine buffer, pH 9.8. After 30 min incubation at room temperature, the optical densities were read in a High-Performance MRX ELISA reader TM (DYNEX Technologies, Chantilly, VA, USA) at 405 nm. Finally, the antibody titers against R. sanguineus were calculated for animals of G1 and G2. Optimal antigen concentration and serum dilutions were established testing two concentrations of the antigen (5 and 10 lg/mL) against four dilutions of dog reference sera (1:50, 1:100, 1:200, 1:400). The sera from pre-infestation were used as a negative control. The cutoff value was determined, in each group, by the value of the mean optical density of negative sera plus 29 the preinfestation's standard deviation (Inokuma et al. 2000) .
Statistical analysis
The biological parameters of each group individually, comparisons between G1 and G2 and ELISA test data within each group were compared with the assistance of the GraphPad 
Results
Comparison of biological and reproductive parameters of Rhipicephalus sanguineus from Brazil (Jaboticabal) and Argentina (Rafaela) after successive infestations
The results of the biological parameters obtained after three successive infestations for the experimental groups infested with Brazilian's strain (Jaboticabal) of R. sanguineus (G1) and Argentinian's strain (Rafaela) of R. sanguineus (G2) are presented in Tables 1 and 2 , respectively. Of the evaluated parameters, EFW, EMW and EP showed significant variations in successive infestations on G1. The mean EFW varied significantly in the third infestation, being 48.7 and 68.4 % higher than in the first and second infestations, respectively. The mean EMW in the second infestation was 58.4 and 105.8 % lower than in the first and third infestations, respectively. Finally, in the third infestation there was a 44.5 and 90.1 % shorter EP in relation to the first and second, respectively, and in the second infestation there was a 31.6 % longer EP than in the first.
On G2, the EFW and EP showed significant variations in successive infestations. The mean EFW varied significantly in the third infestation, being 35 and 43.6 % higher than the first and second infestations, respectively. The mean EP showed significant variation in the third infestation, being 30.9 and 45.7 % shorter than the first and second infestations, respectively. The EMW, POP and LH data of the first infestation were not considered reliable and not included in this study due to the death of the majority of the engorged females. Comparison between G1 and G2 revealed significant variation on the EMW and EFRR in the second infestation, and EP and POP in the third. In the second infestation, though G1 presented 114 % lower EMW than G2, its EFRR was 80 % higher, as illustrated in Figs. 1  and 2 , respectively. Moreover, in the third infestation G1 presented 14.2 % shorter EP and 22.6 % higher POP than G2, as illustrated in Fig. 1 . The other parameters were significantly similar, as shown in Fig. 1 .
Indirect immunoenzymatic (ELISA)
The ELISA showed that the group of animals infested with R. sanguineus from Brazil (Jaboticabal) (G1) presented higher antibody concentrations, especially after the second and third infestations in relation to the pre-infestation. However, there were no statistically significant differences (Fig. 3) . On the other hand, the group of animals infested with R. sanguineus from the Argentinian strain (Rafaela) (G2) showed significant variation in the mean antibody concentration, being significantly higher after the second infestation in relation to the pre-infestation (Fig. 4) . In individual analysis, while in G1, one animal presented antibody to ticks' antigen after the first infestation (Fig. 5) , in G2, it was possible to detect anti-tick antibody in two animals (Fig. 6 ). Moreover, cross-reaction analysis between the antigens showed that sera from animals infested with the Brazilian (Jaboticabal) strain of R. sanguineus had antibody to the antigen from the Argentinian (Rafaela) strain and vice versa (Table 3) .
Discussion
Differences in the acquisition of resistance in dogs to repeated infestations with R. sanguineus have been frequently reported in the literature. Many studies have shown that dogs do not develop a perceptible resistance to R. sanguineus (Chabaud 1950; Garin and Grabarev 1972; Theis and Budwiser 1974; Bechara et al. 1994; Szabó et al. 1995) , while others observed the opposite (Inokuma et al. 1997; Jittapalapong et al. 2000) . We believe that two hypotheses could explain, at least partially, these differences: (1) different genetic strains EFW engorged female weight, EMW egg mass weight, EP engorgement period, POP pre-oviposition period, LH larval-hatchability rate, EFRR engorged female recovery rate -Missing data due to death of the majority of the engorged females of R. sanguineus could behave differently in inducing dog resistance; (2) the ability to acquire natural resistance to R. sanguineus varies according to the dog's breed. According to Szabó et al. (1995) , the biological parameters of ticks fed on animals unable to develop an effective resistance against them are characterized by high repetitivity in and among infestations. Ferreira and Bechara (1995) observed no significant variations between the means of the engorgement and pre-oviposition periods of the R. sanguineus, Brazilian strain, in domestic dogs in comparison with crab-eating foxes Cerdocyon thous. Moreover, a slight increase in engorged female and egg mass weights in infestations two and three also demonstrate lack of resistance development, indicating a facilitator effect on ticks feeding from one infestation to another (Szabó et al. 1995) .
Of the evaluated parameters in this work, all significant variations observed (weight of engorged females and engorgement period in both groups and egg mass weight in the group infested with the Brazilian [Jaboticabal] strain) demonstrated better feeding and reproductive performance of females from the first to the third infestation. Particularly, instead of a slight increase, we observed a significant increase in engorged female weight after the successive infestations. These high standard deviations could be explained by the use of different tick batches for various infestations. In fact, Trager (1939) showed that the utilization of a same batch of ticks was a manner to control the high variability of analyzed parameters during the infestations. Data from egg mass weight, pre-oviposition period and larval hatchability from the first infestation with ticks from the Argentinian strain were not considered in this study for the majority of the engorged females died prior to, or during oviposition, making the results of these parameters unreliable. Szabó et al. (2005) observed low recovery rate of engorged females from Argentinian strain and so tested the maintenance of these ticks at a constant temperature of 20°C, relative humidity of 80 ± 5 % and a 14-h light:10-h dark photoperiod for 2 months before infestations. Consequent increase of 100 % in the recovery of engorged ticks from the Argentinian strain led the researchers to conclude that the exposure of this tick strain to different light and temperature conditions leading to higher recovery rate indicate the influence of season on ticks from Argentina. In the present study, lower recovery rate of the Argentinian strain and the fact that the engorged females soon presented a dark color and died before or during oviposition led us to speculate whether the conditions they were kept in were ideal for their maintenance.
Comparison between the biological parameters of ticks from the Brazilian and Argentinian strains revealed significant variation in the egg mass weight and engorged female recovery rate in the second infestation, and engorgement and pre-oviposition periods in the third. While the Brazilian strain presented higher recovery rate than the Argentinian strain in the second infestation, its egg mass weight was lower. Moreover, in the third infestation, while the Argentinian strain presented a longer engorgement period than the Brazilian strain, its pre-oviposition period was shorter. Szabó et al. (2005) when comparing the two strains of R. sanguineus observed similar results, that is, while the Argentinian strain presented larger engorgement period, the recovery rate of the Brazilian strain was higher. Dissimilarities between the two strains are not unexpected since morphological variations, both intra-and inter-populations, exist even when comparing strains from the same country (Ribeiro et al. 1996) . ELISA data showed lower antibody production by domestic dogs of the Dachshund breed against R. sanguineus from Argentina (Rafaela) in successive infestations, and higher production after second and third infestations by dogs infested with R. sanguineus from Brazil (Jaboticabal), but without conferring resistance.
After the second and third infestations, all animals developed antibodies against adult R. sanguineus, whereas in the group infested with the Argentinian (Rafaela) strain (G2), there was a significant difference between the mean obtained after the second infestation, compared to that obtained in the pre-infestation. Moreover, the means of antibodies titration after repeated infestations in G2 were low, below 0.500 nm in optical density. It is noteworthy that in studies conducted by Szabó et al. (2003) and Jittapalapong et al. (2000) , low optical density values assessed by ELISA, against R. sanguineus saliva and saliva and gut antigens, respectively, were also observed. This suggests that, at least in natural infestations, domestic dogs respond with low anti-tick serum titers. The low antibody response may be associated with immunosuppression caused on humoral components by tick saliva. This hypothesis is consistent with known data in cattle infested with R. microplus, and may, therefore, represent an evading mechanism of these ectoparasites (Inokuma et al. 1993 , Szabó et al. 2003 .
The cross-reaction analysis of sera from dogs infested with R. sanguineus from Brazil (Jaboticabal) (G1) and the antigen from R. sanguineus from Argentina (Rafaela) (G2) and vice versa demonstrated antibodies production in both cases. The same animals from G1 that presented higher anti-Brazilian (Jaboticabal) R. sanguineus titers following second and third infestations showed similar results when tested with the antigen of Argentinian (Rafaela) R. sanguineus. Thus, the two genetically different strains of R. sanguineus analyzed in this study seem to behave similarly facing successive infestations in domestic dogs, weakening our first hypothesis. Therefore, the difference in the acquisition of resistance to R. sanguineus might be more associated with the dogs' breed.
The studies that demonstrated resistance to R. sanguineus in dogs used the Beagle breed as an experimental model (Inokuma et al. 1997; Jittapalapong et al. 2000; Louly et al. 2010) . Moreover, mongrel dogs (Chabaud 1950; Garin and Grabarev 1972; Theis and Budwiser 1974; Bechara et al. 1994; Szabó et al. 1995) and, as demonstrated in this study, dogs of the Dachshund breed do not seem to develop resistance to R. sanguineus ticks. These findings were also corroborated by Louly et al. (2007 Louly et al. ( , 2010 , who observed that English Cocker Spaniel dogs are more susceptible to R. sanguineus than mongrel dogs, and that Beagle dogs are naturally more resistant to R. sanguineus than English cocker spaniel dogs, respectively. Differences in the ability of different breeds to acquire natural resistance to ticks were also reported in cattle to R. microplus (de Castro and Newson 1993) and in goats to R. appendiculatus (Gopalraj et al. 2013 ).
In conclusion, our results showed that dogs of the Dachshund breed do not seem to develop immunity to both R. sanguineus from Jaboticabal, Brazil (tropical lineage) and Rafaela, Argentina (temperate lineage) and that variations in the manifestation of resistance to R. sanguineus in dogs do not seem to be related to the genetically different tick strains. Further investigations are recommended to check the association of these variations with dog breeds.
